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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide an organic 
electroluminescent element with 

high luminescent efficiency and high luminance by interposing 
a layer 

containing a fluoranthene derivative between a pair of 
electrodes . 

SOLUTION: An organic electroluminescent element interposing 
at least one layer 

containing at least one kind of fluoranthene derivatives 
represented by the 

formula (wherein X1-X10 show a hydrogen atom, a halogen atom, 
a straight chain, 

branched, or cyclic alkyl group-, alkoxy group, a substituting 
or 

non-substituting aryl group, at least one of X1-X10 is a 
straight chain, 

branched, or cyclic alkyl group, alkoxy group, or a 
substituting or non- 
substituting aryl group, and an adjacent alkyl group and aryl 
group of X7-X10 

may be bonded and form a ring.) for example, 7-methyl 
fluoranthene as a 
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luminescent layer is, manufactured. The organic 
electroluminescent element with 

high luminance usable as a panel type light source of a back 
light or the like 
is obtained. 

COPYRIGHT: (C)1998,JPO 


03/14/2002, EAST Version: 1.03.0002 


(l9)B*S#ftfr (JP) 02) & g! ft & S (A) 


(51)Inta 8 
H0 5B 33/14 
CO 9K 11/06 


worn® 


#W¥10- 189248 

(43)&HB ^10^(1998) 7 «21B 


FI 

H0 5B 33/14 
C0 9K 11/06 


m*mm.6 ol (± is K) 


(21) mB#^ 

(22) HUM 0 


#gPF9-291150 

9 *f(1997) 10J323 B 


(32)«BfeB ¥8(1996)llfl7B 
<33)«5tet8£SB B*(JP) 


(71) USA 000005887 


(54) Bfc9I©fclM ^flW^t^T- 

(57) 

4. 


(2) 


iggiPPl 0-1 89248 


1 

imm 1 1 -tfconimt . iKK k 1 1 mot* 
^■rs7;^7y^>-^*^^< k *» is**"*"* 

[||3<Jg2 ] k *> 1 ffl^T^*/^ 

[^«3 ] k t> i mnr**A&* r/u3* 
fyiiWHKii: ( i ) (fci) t^sftsfc^wc 

& 6I8:£JI 1—5 tfH xfivt^sSBMVBMSl^f^ 

x 8 x 9 

(1) 



Z$kL (fit. Xi ~Xi.<oi^r<fcfcl«ilML 
. x 7 ~Xio<0fiH£*"ST**rt'£k 

[0001] 

as**. 

[0002] 

IVmcryfflf] ft*, iSBS****^ Witt. A 


HELX7-) tfiB^iUt CAppI. Phys. Lett.,_51_. 
913 (1987) 3 . ^TWl-ffifetfSmi. «3ttt^M^8 

tt. »fi> ^Bbfi^nre**. 

[00031 fcJK^fcflJb&tfi^k ^ * ^£01 

t lt. Witt. HJ* (8-^f/uy7-h) r;ws 

20 aseFaqSt&SiVt^*' CJ Appl- Phys., _65_. 3610 
(1989) D . 4fc. IBfllk LT. Wi.tr. t'X ( 2-_ 
^)V-8-^yVyy-h) (4-7x-/W7x77 

(«BH t 8-6 7 87 3#'&*) . LfrVitifit*^ 
30 [0004] 

[0005] 

t^o/c. •r^r*?*>. 

40 ^ yfymmm^£ <ti>i < t 


®^^< k t> i wyrt\&v&* r^a^i^mttziiT 
u-^s&asaik tx^-rtyi^yyT-y^^ 

*#TSJlfc. 5 fete. if6f«t»^MtS 
f^©4 fcttCM^««6»563ia^. 


(3) 


hrss ( i ) (ft 2 > xmztihfcismx'$>hwm>~~ 

[0006] 
Hfc2] 

Xr x 9 


(1) 



«fSH t 10-189 248 


(1) 



csw»» xi -xioii**®^. AayyjR^. mm. 

%®L$.tz\iWir>T)V*)Vm. mm. ifrttifcliWR*) 

zmt (fit. xi ~xiowrt^<ki>ni(iaji. 
m&fdtwmT)v*)vm. mm. %m.tz\iWk<r> 

[0007] 

[0008] *&«Sfc«R*4«fi:< k *> 1 ®<r>T)V*)V 

k t> i wyrA*&&* T^^^ttzitr u 

( i ) (ft3 ) "emztitteGMrc*>& . * L< 
(J ( x ) x'mzKhte&fax&^x. xi ~x 

ioCOI^l~l O^T^WS. T^3df5/*4fcttT 
ij-^tftift^WCfcO. JOffilXtt. 1-6 

4. 

[0009] 
Hfc3] 


c^+. xi -xioii**^ twyy&f-* mm. 
im&tziiffij&Tfv*^. mm. a**fc«#R0> 

(©U Xi -Xio^lWKkilffltel^L 

. s&t* x? -xio^garrsT/i^/i'Sk 

[0010] ( 1 ) t?«3*l*te£»fctiVVC, 

\mmT)v*)vm. mm. mttntmvicDTf^* 

fflU Xi ~Xio«rt^<fc*>l«fcM« 

^k'co^S^^#K». flitf, 7Urt/£. *x-^ 
[0 0 1 1 ] Xi -Xioli. ff£ IXfcL ^ 

=?) . &mm ~~i 6 mm. %m>iz\m®.<r>T)v* 
30 )vm wtif. xf-n^i. n-rocAi. 

>f yrntA^L n-yf-;WK. >f V^/l*. sec - 

y^tvm. n-^iy)im. 2-^lV7*tVm. 3. 

tum. i/^X3^i^)V^)Vm. n-*?1-tvm. tert 
-^■^-f^S. 2-xf;^yM, n-7— 

n-^^x^l^^rk') . KSSCl-1 6WSM. 

40 mttzimmriva^m mm. * ^ 
Y^m. n-ro^yl, ^yrn^i/i. n- 

7h*is%. 4 V7>*-^S. sec -yh^f^S. n- 

^yi-j^^m. ^^y^fVic^m. v?w<.y 

3, S/?nA^ 
^ n— f^rt^t^5^. n-Hfy/W^yS- n 


(4) 


^¥10-189 248 


[00 12] &&UilS^t&4~l 6(T)W&£tdi*.W: 

4-> f yrotf;^x-/l^. 4-n-7'f^7x 

>V7*--)V£k. 4-tert-^yf-;l^7x— 4-n 
-M^7x- /pa. 4-y^o^y^7i-^ 
a. 4-n-3j-^f-;P7x-yUS. 4-n-f^7x 

2. S-Wf^x^^aS. 2, 
jV7x:=4<*. 2, 5-^^7.i-n^l. 3. 4- 
y^f*7x^ 5->fyr-;l^S. 1. 2. 3, 

4- f h7hh'n-5-t7f/H. 1, 2. 3, 4- 
fh7tb'o-6-: ^7f7Ua. 2-^h^y7x-;l^ 
a. 3-^b^fy7x-;H. 4-^f^fy7x-;P 

^7x-;US* 4-xhJfy7x-^ 
4-n-ro^y7x-y^ 4->fyrosK^ 
y7x-;H. 4-n-7>*S'7x— JV** 4-n- 
^yf/Wy7 x —/US. 4-n -"V* ^7 
x^;US. 4-y^n^y/Wy7x^ 4- 
n -^Tf-zM^ y7x- /kS. 4-n -%9^f-)Vtt 
S/7x-;US. 4-n-fy/W^y7x-iH, 2, 
3 -S^h 3- 5/7x^/1^ 2, 5-y7Ky7x^ 
;US. 3, 4-y7^y7x^yH. 2-*Mfs'- 

5- ^^-;W7x-;P«. 3-**/l'-4-.XMF5'7x 
-;US. 2-7/^-07x^/1^ 3-7/WD7x- 

4-7/^D7x-;H, 2-?OD7x-iP 

3-7nn7x-/H, 4-?nn7x-;H. 4 > 


*-7ot7x-/H> 4-h'J7;U3rn^f-;P7x-^ 
a. 3, 4 -y7007x-;Pi, 2-^^-4-^ 

an7x- ;ua. 2-?on-4-^f/l'7x- ;ua. 
3-^aa-4-^f-;U7x-;ua. 2-?nn-4- 

^^y7x- /US. 4-7x-;l'7x-/H > 3-7 
x-;P7x^;Pa. 4- (4' -*?vU7x^) 7x 
-)Vm. 4- (4' -^Wy7x-;l^) 7x-/pa. 
1— f7f-;Pa. 2-^7^a. 4-XKy-l- 
^7f-;PS. 6-* ^^-2—^7^/1^ 7-xh 
10 #5/- 2— f7f-;Ua. 2-7U;Pa. 2-^-X^/U 

a. 3-f-x^pa. 2-eux*;pa. 

~ 1 2 <DT v ~-)vmx:h 0 . $ !> L < ti. *SJS 

^ 7>yH§IiH% Jg^M^. iS8II&Cl~6<7>7/W*/U 

a. ^sci~6cor^3^f^ai^ti^ia6~i o 

^^g^^#^a-c*-&. 

[ooi3] ££>t. x 7 -xioog^-rsr^ua 

fcf. Xs OT/Mr/pafcXg 0)T\)-fl&&M\VZ&& 
LX. ^LT^SJeSIlH^ftt. 

[0014] *mbzmte&fa^<7>mmt Lxa. 
mux. viT^&tozmf&^ttfxthtf. *mi 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
1 1. 
1 2. 
1 3. 
14. 
1 5. 
16. 
17. 
1 8. 
1 9. 


i-^f^7W7yfy 

1- ^f^-3-7x-;l/7;W5y 

2- /f*7W5/f>' 

3- ^f^-l-7x-;l'7/W7y 

o-;oo7/^5: 
3 -xf-;P7;kt^ >"r>' 
3 - nA.4f ^/i/7/M" ^yfv 
7-^f;i/7/W7yfy 

7 - n -ff-JVy^'y V'fV 

7-*1-)U-8, 9, 1 0-MJ7x- jvyjv^y: 

7-X^-8, 9, 1 0-b'j7x-^7;W7: 

1, 3-> ? p<f-^7yP5r7^7 i y 

2, 3-^f-A'7^5>'r>' 

2, 3-^f-^-l-7x-;P7;^7> 

2, 4-y^f;k7/^7yfy 

2, 5-> ; -tert-7'f-;l/7;^7y7 i > 

3, 4-y7f;l^7y^5yfy 


iggppi 0-1 89248 


7 

21. 7, S-^fi^M?^ 

22- 7, 8-iV-sec -7*f-/l'7;kt7>' 

2 3- 7, 8-i>'- n -^i/juyfU*?: 
[0015] 

24. 7. 1 o-~/*W7A'*-yy : ry 

25. 7, i o-^'xf-^^^yx^ 

2 6. 7, 1 0-^f-^-8-7x-;U7^3T7>'T>' 

27. 7, 10-^f^-8- (4' -^f^7x-^) 7rt47yfV 

28. 7] 10-^^-8- (4' -^b*i^7x^) 7**7/r 

y 

2 9. 7. 10-^f-^-8, 9-> f 7x=^7A'* , 7yf->' 

30. 7, io-^f;H8- (4* -^Wx-^) -9-7x-;l^ 

7;W5yfy 

31. 7, 1 o- i Jx.^)V-s-y^~tvytv^ : 7y-ry 

32. 7, io-^'xf-rt—8- (2' -^)vy^~)V) ytv^yy-y 

33. 7, io-^'xf-^-8- (i' -i-y^) yfr*y>Ty 

34. 7, 10-^1^-8- (4* -Xf^7x^) -9-7x-* 
7W7^f^ 

35. 7, 10-yXf^-8- (4' -7x-^7x-/l/) - 9-7x- 
^7/^7^^ 

36. 7, 10-i^Xf^-8- (2' -t7f^) -9-7x-;l^7W 

3 7. 7, 1 0-J'-n-rDtA'-8-7x^7;W7W 

38. 7. 10-^'-n-7°nt^-8- (3' -^f;P7x-/P) 7/M" 

39. 7, 1 o-y-n-rnt;l/-8- ( 1 ' -t7f^) 7^?yf 
y 

4 0. 7. lO-^-n-rot^-8, 9-y'7x^7/W7Vfy 
41 7 io-<;-n-rDt;H8- (4' -XWx-^) -9- 

7x-^7;^7yfy 

42. 7, io-^vrnt^-8, g-v^x^i^/M-T^ 

4 3. 7, 10-5^-11-7*^-8. 9-^7x-;U7^7^ 

44. 7, 10-i>'-n-^y^-8, Q-^x^A^?^ 

45. 7. 10-iv'-n-^^-8- (4' -7x-^7x-;W) -9 

-7x-^7/^7yf>' 
4 6. 8, 9 -5/^* ^7^*5 yf-^ 

47. 1,2, 3-hv^^y^yy^y 

4 8. 1, 6. 7, lO-fh^^W^yfy 

4 9. 1, 6-^^-7, 10-^*7^*7^ 
50. 1,6. 7. 8, 9, 10-^-9-^^7;^^^^ 

[0016] 

5 1. l-jth^isyjWyy-ry 

52. i-^v^y^yyy-y 

53. 3-^Y^y)^yyy-y 

54. 3-xb3fy7;k*7>'-r>' 

5 5. 3-n-yf^y7;^5yfy 

5 6. 3-n-Ff^ 3 f^;W7yfy 

5 7. 7-^Wi'7W7yf>' 
5 8. 8-^h^fi>7;l'^7yxy 


[00 17] 



(6) *#§3¥1 0-1 89 248 

9 

6 0. 8-n-Mi/A'^x7/W7yf>' 

6 1. l-X1-JU-3-*h*is7n'*5y 

6 2. 2-*+)V-4-*Y*cis7>V* ; 7> 

6 3. 8-?UXi-9-*Y : *~s7)V* : 7> 

64. 8-^nn-9-x^y7yM-5: 

6 5. 9-tert-'7'f-A'-3-^ h^f v^/M^yx^ 

6 6. 3, 9-^h#>'7A^i-7>T'>' 

6 7. 3, 9-yXh^f-/7;W7>fy 

68. 2, 3. 4. 5. 7, 8, 9. 10-^^7/^0-1, 

6 9. 1.4. 8-fWW^7W-5y 

7 0. 2. 4, 8-MJ;* h3fS'7/M-7> 


7 l . 2-7x-;i'7;W7yf>' 

7 2. 3-7i-;|/7/l't5yf/' 

7 3. 7-7x- /P^^^^f-y 

74. 7- (4' -xh^fi/7x-;u) 7;K5yf> 

7 5. 8-7x-/l/7W5yf>' 

7 6. 8- (1' — J-?*-*) 7^*7yf>' 

77. 2, 5-y (3* -^f;l^7x-^) 7/^5> 

7 8. 3, 4~> 7 7x— ^/M-^ 

7 9. 7, 9-y'7x^7/^7> 

80. 7, (4' -^f/P7x-;H 7/^5y7 i >' 

81. 7, 9~ : J (4' -^Ky7x-/M7W7yfV 

82. 7. 9-y'7x^-8, lO-yXf/P?/!^*?^^ 

83. 7, 9-y7x-^-8, lO-^Wy?;^^^ 

84. 7, 10-y'7x-*7W7^fy 

85. 7. 1 0-y (4' -Xf/l/7x-^) 7^7^^ 

86. 7, 1 0-i"* (4' -Urt-y^y x.=J^) 7/^5>'fV 

87. 7, 1 O-v? ( 2' -^7f-;P) 7/^7^^ 

88. 7. 10-y'7x^-2-7;^O7W7>fV 

8 9. 7, 1 0-y'7i^/l/-8-;nn7/W7yf y 

9 0. 7, 10-y'7x-;k-3, 4-y7f/1^7W7yfy 
91. 7, 10-y7x^-2->h^7;W7yfy 

9 2. 7. 10-y'7x^-8, 9-^f^7M7yf V 

9 3. 7, 10-y'7x^-8, 9-y-n-7"f^7W7yf V 

94. 7, 10-y'7x^-8, g-is-n-^zsfrttisyWyy 

95. 7, 10-^7x^-8, 9-y^n07M7yfy 
[0018] 40 

9 6. 8, 9-y'7x-^7;W7yfy 

97. 8. 9- : J(4' -Xf-)V7x.-JV) 7)Vit7yry 

98. 8, 9-^(4' -7DP7x-;K 7^7yf y 

99. 3, 7, i o-huy^—^ytu^yyT-y 

10 0. 7, 8, 10-^^7x^7**7^ 

10 1. 7,8. 10-bU(3' -^f*7x-;H 7/^7yfy 

102. 7, 8, 10-MI(4' -^f*7x^) 7/^7yfy 

103. 7. 8, 10-MM4' -^v^^yx.=~)V) yiv^yyf-y 

104. 7, 8, 10-M) (3' -7;i/*o7x-;H 7/W7yfy 


(7) 


mffl^l 0-189248 


[00 19] 


1 1 

y 

106. 7, 10-^7x^-8- (4' -^K^7i^) 7W5>- 

r-y 

107. 7, 10-^7x-;P-8 - (4' -^OD7i-;H 7/^7^7 

y 

108. 7. 10-^*7x^-8 - (4* -7x^7x0') 7W5>' 

fy 

109. 7-71-^-8, 10-y (4' -^f^x^) 7/^7>'f 

y 

110. 10-7x-^-7, 8-^'(3' -^f*7x^) 7^7^f 

y 

111. 10-7x-^-7, 8->-'(3' -X ^^7x^/1/) 7/M"7y 

fy 

112. 7, 8, 1 O-HJ^x^^-tert-^/^M-^^y 

113. 7, 8, 1 0 - h 'J 7 x-Zl'- 3 - ^ 007/^7 yf/' 

114. 7, 8, 1 0-bU7x-;W-9-xf-;P7;^7>'7 1 ^ 

115. 7, 8, 1 0 - b >J7x-^-9-^ h^f^/^yf > 

116. 7, 8. 10-Mi7x-;l'-9-7Wn7;^7>'f>' 

117. 7, 10-y7x-/l^-8- (4' -xf^x-^) -9-n-^ 

y^riVDV^ yfy 

118. 7, 1 0-y'7x^-8- (4' -^f^7x-^) -9-*h* 

i/7;W7yfy 

119. 7, lO-^x-Zl'-S- (2' -^f/1^7x^) 

120. 10-7x-^-7, 8-^'(4' -^f^7x-^)-9-^ 

7W5yfy 

12 1. 3, 4, 7, 1 Q-'fYvV 3.—)V~?)Vi[ ; yy : fy 
12 2. 3, 7, 8, 10-fb77x^7/^7yf>' 
12 3. 7, 8. 9, 10-fb77x-^7;W7yfy 
124. 7, 10-y7x-/K8 ( 9-i^*(4' -^f ^7x^) 7^ 

12 5. 7. 10-^*7x^-8, 9-^(4' -tert-7*f7l/7 x^/H 

7^7yfy 

126. 7. 10-y'7x-;P-8, 9-y (4' -^h*y7x-W 7/1/ 

it^yf-y 

12 7. 7, 10-y'7x-;p-8, 9-^'(3' -7WD7x-^) 7/1/ 

*5yfy 

12 8. 7, 10-y'7x-/k-8, 9-^'(4' -^0071^) 7W 

12 9. 7, 10-^'7x-;H8, 9-SM1' -t7f/H 7;^5yf 
130. 7, 10-^'(4' -Xf-;W7x^;P) -8, 9-5/7x^7/1^ 

5yfy 

13 1. 7, 10-^(3' , 4' -^f*7x^) -8, 9-y'7x- 

/P7/W7yfy 

132. 7. 10-y(4' -^h^fy7x-/l/) -8, 9-y'7x^7/P 

^7^fy 

13 3. 7, 9, 10-b'j7x-/l/-8- (2' , 4' -^f/l/7x-^ 


1 3 
134. 

135. 


(8) 


9, 10-hU7x— )l-8- (2' 


7, 

y 

7, 9, 10-hU7x-A'-8- ( 1' , 2' 


^3^10-189 248 
1 4 


3' , 4' -fb 


[0020] 


6) 

143- 

[0021] 

Hfc4] 


136. 

137. 

138. 
139. 
140- 
14 1- 
142. 
(143) 


8, 10-5/'7x=*-7, 9->-*(4' -^f^7s^) 7^ 

8 10 -y'7x-;H7, 9-^(3' -XbdfS/7x-/W) 7* 

9, 10-fh57i^-3-?Dn7^7i 
9, 1 0-fb57i^-2-Xf/k7iW51 
9, 10-fh77x-;l'-2-^K^7^7 
8. 9, 1 0-'<y3'7i- ;P7W5yf>' 
7, 8. 9, 10-^t7i-^7;W7r""' 


7, 
7, 
7, 
3, 
3, 


8, 

8, 

8, 

7 

4 



-5U14 5) (-fc4~ft: 



20 


144. 
[00 22] 
[fc5] 


C Z H 5 



30 


145. 

[0023] 

[fc6] 



[0024] *SMHfc:tt4fc£*Aii. £ii{fc&*n?>* 

StftoTll^S-i:*^*. 0flx.tf. Ber. Dtec 
h. Chem. Ges., 71 . 774 (1938). Tetrahedron, _22 


*(1977) . Indian J. Chem. Sect.B. 16B_. 152 (197 
8). Indian J. Chem. Sect.B. 19B_. 750 (1980). Indi 
an J. Chem. Sect.B. 22B_. 225 (1983). Aust. J. Che 
■., 21. 2237 (1968) . Curr. Sci.. 40. 463 (1971). 
Curr. Sci., 45. 254 (1976). J. Chem. Soc., 1949. 1 
555. J. Chem. Soc., 1954 . 227 . J- Amer. Chem. So 
c. 90 . 566 (1968). Liebig Ann. Chem.,J39. 159 
(1970). J. Amer. Chem. Soc.,J15. 11542 (1993)fcfi& 

ywrnmrnsbz^. wHmwmfctz z. t t * m 
[0025] ^mm^mmfn. as. -m^tos 

(HK*)*F> coffifcti-ZZthX'^Z. £tz. IE 

ojii±. -mffiMX'h->xi>&mtmx$>^xi>±<. 
[0026] ^mn&smRmm^iz&^x. *^ 


40 


(9 

1 5 

[0027] *mmwm&mm-<rtmt lx 
it mz®fc?z>i><?>x'i5%<. mitt. (a)»«/ 

(01) ( B ) H@/iE?LaAmi^/fBtl/^@ 

s*^ (02 ) . ( c > is«/3^/^raM&i*JB 

/WmSlM? (H3 K (D ) 

7 (04) GZimThZbittZh. Sfefctt. 

axftB^/mess^ (05) t-rz^thx-zz. 

mmmx-HcomffiRiimztt.m&m 1 ? (06 ) . 
(G) m^A^^^i^^^^s:^^^- 

itzii (H) ^m^tii^^aA^^^^^"^ : 

8) £>J$gT'£>£. 

[0028] *#g^:fj«|!t#IB^? 14. £*L&*>* 
tf****W»i* <A)SJIH% (B)®*i\ (C) 

mm-. (E)MiP^ (F)ss^ (G)ss^* 

fc« (H) WfT&'K L<tt. (A) S 

<C)S3H% (F)£3£Pifcl±(H) 

[0029] ^mm^^mm^mm^-t lxh. mi 
if. (si) ( a ) ^m/m&Kwm/'m. 
m/%*^mw%/mmm*\,z^xwm-z> . 

(01)tfcwt. lttSCL 2lil§*. 3li]E?LixA 
UBS*. 4tt«3t«» 5litmi8Mi. 

[0030] *kwweiwfl«3iami. 1 

(MUZ. ^'Ji^f/K !i?y#— K jKUX/W 
■7*y, sKU^f-jkx^ui'-K *y ratify. 
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[ o o 3 1 ] n@2 k Lx\i. &mmmm<?>** » 
^tfzim^Mmm^mnmunt vxm 

kjwj*. >**w^ ^ynfy. KflSL Kit 

I TO (>f ■ f -f y • *W H ) . * 

ztit><7>mmmi3.. smxmLxi>x<\ *>& 

jwb&c* ot t i < . wt&wmx'b^x t ± 
BIT. J:9#4t<ii. 5-5 0Q/neKt=as&r 

jjt % HRt-. 5 — 10 0 0 nmgjg. i0*f*t<{4. 
) I0~5 0 0nmgjg£^£-f£. 

[0032] IE?LaA^Ji^3{i. Bft*»fe«jBL (* 

[0033] *|6Wt:i5V^Tfflv^4flfi«)jE?LaEAfKaR 

4. 4' -t'XCN-7x=*-N- (4" 
-^tf-^7x^) t'7i-^ 4. 4' -b* 

X CN-7x-;W-N- (3" -^/W7x^/U) T5 
40 7] t'7x-;k 4, 4' -b'X cn-7x-;w-n- 

(3 - _^hdfi/ 7x -/w) rs^D t'7x-;k 4. 

4' -t'X CN-7x^/W-N- (1" -*-7f-;W) T 
5/Dt*7x-;K 3, 3' -^f-ZW-4, 4' -b* 
X CN-7x^;W-N- (3" -*+)V7x-)V) T5 
/) t'7x-;K 1. l-t*XC4' -t N. N-y 

(4 - -^f^7x-;i^) T5y] 7x-;^ i^7n^ 

9, 10-b'XCN-(4' -^Wx- 
_ N _ (4" -n-T/f-^x-rtO TS/D 7x 
•t-yhUy, 3, 8-b'X(N, N-y'7x-^TS 


(1< 

1 7 

N. N-t'X C4" , 4"-t'*[ N' , N' -5/* (4 
->jy. N. N' -b'X C4- (i^x-rt'TSy) 7 

y-t'y. n. n' -t'xC4- (^i-^ri/) ^ 

y-fe'y. 5, 5" -t'XC4- (b'X[ 4->f^7x 

=jH ra/) 7x-;H -2, 2' ■. 5' , 2" 

yO'O'-fe'y. 4, 4' , 4" -HJ* (N-tfiW*/ 1 
U;U) h'J7x-;UT$y. 4, 4' , 4" ~ + 

(- N _ ( 3"'-^f/l/7x-/l/) -N-7x-;l^75 
y} h»j7x-/1^7$y. 1. 3, 

(4* -y'7x-*7577x-/l') 7x-;l'75y] 

Ky-tfy&fc') . jKUf-^xytJitf-f-w^W^ * 
tc^ft^JAOfil^tt. #£L<fcL 0. 1-4 01 

[0034] %5^4J4. iLft&xvm^fcomxmm. 

)V7VV. TW7*V. fb7tX wv.^vv 
y. ?U-fcy. fii^9vy. 3o*y. fh77x- 
/uWo^y^xy. ^y^^x-^^^o^y^^' 
X y. 9. lO-^x-^ryh^X 9, 10- 
a ^x-ixf-^) 7>h7ty. 1, 4-t'x 

(9 - -x^/PTyb^-fe-^) ^y-fe'y^ 4. 4' 
-t* (9" -xf--;wryb^-fe— AO t'7x- 

fc^-c^^D . #t8&fi§ift cw*.tf» hjx (8-* 

y >j/5_M r ;U5->7A. b'X ( 1 0-^yV(h) 

7x-;w) ^yV5!-*ir/-;i^aE»a* 2- (2' - 

t Ho^ j/7x^) <y/f 7/-^iSS^ 4- 

th-a^^r^Uv-'yosism. 3-t h'o4f^7 7:K 

5-b Kn^f^^^y^T/WS-^^D . 
ySKS*CMitf. 1. 1. 4, 4-fb77x-;i^- 

1> 4, 4' -b'X(2, 2-^'7x 

7-7'jyi. ?vjy6. 7^'jy7. ?-?>jy30. 
?^yyio6. ^-7»jyi38. ?-?'jyi5i. ? 

-7l>yi52. ?7'jyl53. 7"7'jy307. 7-7 
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y338. ^^»;y343. ^yysooD . f^y 

§»ttC«;llf. DCM1. DCM2) . 

7xyfc«tt/^^*. ^U7x-p-yfci^-e^ 
^u^/^i^ytJi^o^ft. ^'J^x-u 
yt'^yfcit/^f&gft. dfjt'7x-^t'-v 

tf*<7>iS9fr. ^ij^yf-i^yb'-wytJJ;^^^ 
Ac, ^•jf-x^pyt'n^ytJitX-ew^^fc') £ 

L<fct 0. 001-99. 999SM%mBZ. iOlff 
£b<&. 0. 0 1~99. 99MM%ffl&. S&tff 
30 £L<tt. 0. 1~99. 9fi«%gJ&tfai^£. 
[0035] #^fcfcvvcfflv*4fl^>3ft*lltt£#*" 

s^-^Bji: vx\t. &mtm&mm#x. off* u 

V*. WitiL- J. AppI. Phys., 65. 3610 (1989) . ^ 
^5-21433 2#4^»M^>J: "5 ^3^^* 
X h-fb^J i: yx h^-^J ( K-^°y 

0. 0 0 1~4 0fift%g^ iO»*L<{i. 
0! 0 1~30fi«%eK. Sfc#4L<tt. 0. 1~ 

1 onsxwgmth. 

[0036] ^m^mw^^M^z®^^ 
tens-*; v / 7- hiiffi^^rtifeKttWir^ 

«iif. ( a ) — ( c ) X 

(Q) 3 -Al < a > 
(Q) 2 -Al -O-L (b) 

-uiyxy^-hsee^-cfco. ui7x-;i^^ 


(11) 


1 9 


(Q) 2 —A 1 — O— A 1 — (Q) 2 (c) 

[0037] m&m&m&fcnmmt l-o±. m 
yx u-y 7^-8-^7 y 77- n r^s-»> 

A. hVX (5-^^-8 -*SVS 7- h) T^S. 
-VJ». MIX (3, 4- : JX1-)\'-8-*y , )S7- 
h)r^$-->A. hUX(4, 5 8 
/Uy^-h) T^S-^A. hUX(4, 6-5/-Xf- 

)V- 8 y y 5- M r/i'S -«7A . fx ( 2 -y 10 
^-;p-8-^yuy7-h) (7i/7-h)r;i'S- 
^a. bx (2 -y 7^-8-^7 y77-n (2- 
y^7x77-H tvi^-^a. bx (2-y^;P 

-8-*7y77-M (3-^71^5-^)7 

^s-->a s h'x (2-y^-8-^yuy5-b) 
(4-yf-;P7xy9->) t/i^s-^a. b'x (2- 
y^-;^-8-^yyy7-M (2-71-^7x77 
-H t/ps-^a. b'7. ( 2-y7 t 7i'-8-3fy , jy 

y-b) (3-7x-;l'7i/7-f) 7;l/S-">A. 

[0038] bx (2-yf-;u-8-^yyy7-h) 20 

(4-7x^7x77-h) r^5-«7A. b'X (2 

-yf-;p-8-^yyy7-h) (2, 3-^7^7 

x77-H TVUS-^A. b'X (2-y^-8-^f 
/|J77- H (2, 6-^^7x77— H 
5-»>A. b'X ( 2-^^-8-^7 'J 77- M 
(3, 4-^f^7x/7-h) T^S-^A. b'X 

(2-yf-;i^-8-df7'j77-b) (3, 5-^yf- 

;U7x77-h) T/PS-^A. b'X (2-^^-8 
-*7y77-H (3, 5-v ; -tert-7*7 t ;l'7x7 
7-M T/WS-^A. b'X (2-yf-^-8-^f7U 30 
77-H (2. 6-y'7x^7iy7-h) 
^»7A. b'X (2-y^-8-=>f7y77-h) 
(2, 4, 6-HJ7x-^7x77-M T^S-^ 
A. b'X (2-y^-8-^f7U77-h) (2, 
4, 6-MM?-^7x77-M T/l^S-^A. b'X 
(2-y7 t -/W-8-^7'J77-h) (2, 4, 5, 6 
-fb7^f^7x/7-h) 7^5-^A. b'X (2 
-y^-8-^7'J/7-h) (l-t7h7-h) 
T;U5-»7A. b'X ( 2-^^-8-^7 "J 77- 
H (2-t7>7-h) r/U5-«7A. b'X (2. 4 40 
-S-'y7^-8-^7y77-b) <2-7x-/U7x 
77-h) T^S-^A. b'X (2, 4-^'yf-^-8 
-^7y77-h) (3-7x^7x77-^ T)V 
5-»>A. b'X (2, 4-^f^-8-=fy'J/7- 
H (4-7x-^7x77-H T;U5-->A. b'X 
(2, 4-^7^-8-^7 'J 77-H (3, 5- 
y7f^7x77-V)7/l'5-'7A, b'X (2, 4- 
v ? y7 c /l'-8-^f7y77-h) (3, 5-s^-tert- 
7>/W7x77-M T^S-^A. 
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r;us-»>A-/z-^y-b'x (2-yf-^-8-^f 

7'J77-b) T/l^-^A. b'X (2, 4-^*?7P 
-8-^r7y77-h) T/l^-^A-jtz-^V-b' 
X(2, 4 -^7^-8-^7'.; 77- M T/I'S- 
»>A % b'X ( 2-yf-^-4-Xf-/U-8-3f7y7^ 

-H T;i^5-»>A-/i-^y-b'7. (2-yf-;w- 

4-X?vV-8- d f7y77-M T^S-^A, b'X 

(2-y7 t ^-4-y h^f^-8-^7y77-h) r 
/i^-^A-ju-^y-b'x (2-yfw-4-yh 
^f>—8-^yyy7-h) t^5-^a. bx<2- 
yf-^-5-^ry-8-^yyy7-h) r^s-^ 
A-//-^y-b'x (2-yf-^-5-^ry-8- 
#yyy7-N) t/us-^a. b*x (2-yf-^-5 
-h'^/M-nyf-^-s-^y yy7-H r/t-$- 

^A-jit-^y-b'X {2-X*h)V-5-\-V7>V* 
oyf-^-8-^7y77-h) T/l^-^A&fc'S:^ 

if* ^ taw 6. ^tt^rfi^s^tWi. 
[0040] mT&xmmm 5 a . 

Ammwmtt-t&it&fa man. nmtmm- tw 

li£. h'JX (8-^f7y7^-h) T/l-S-^A. b' 

x ( 1 o-<yy*(h] ^7y77-h) ^y y^AD . 
>r^^'ry-;i^(*:. byTV-;w^*. hyr 

■^-yyl^^ ^'7x-;udf7y^^ -ham 7 

i:) ^^<kt>lgfflV^j£-t-&«ri:^-Ct^. * 

^Bi3^-&fl:^!BjAi:fl&^m^aAiii*sig5:^rrs^ 

izQk&tt&faAcrmitlt. mt<ii. 0. l~4 0fi 
<k-^3Ai:Wa^Slg* CWI/Hf. MEHRje ( a ) ~ 

h&jS ( c ) x'mzti&tt&Vi^ zmmtx. m^aA 

[0041] vme t Lxa. itwmtvm&V'hz^ 

mh z b *wi wm£®m-r&nmmb lx 
j±. mt\f. yf-^A, y^A->f y^A^. 

b'J^A. 7-hy7A-^y>A^. ^^<7A. V 

y^A-^#. >f y^A. ;kr~>>A. ^-^->7A. 
-VVifV. ^yh'J^ Trt'S-^A, T^S-^A 
-yf-»>A^#. t^S-^a-^^a-^. 
S-^A-VT^^A^L /77r^ h^l^5r^ 


( 

2 1 

-$-&wmmwmmzi> hr^. 5—1 000 

nmgjg. £*)1fr£L<lt. 10-5 0 0nmigjg£^ 

ft(Vjffig$tf7 0%&±b%:Z>£o 
ZW&t&Z btfi *)«£ Li\ 

[ 0 0 4 3 ] ttz . ^wm^M^dm^a^x 

Xii. ^K^rst>of«=5:<. fltelf. f^uy. 

y'7x-M vKyYyyyftiftfmf 
t>ti. $tfzl&£L<tt. n^yt**. 
xy^-*^£iiT^SJlfcLTkL ^B^gi"*. 

xi>x<. ms&Msmtfmt&m mm. wt 
-frTtiv^ -mmsmr^y^-vyfrnkLx 

6£flsS<7>0. 0 1 — 5 0fi3%. «FiL<J±. 0. 0 
5-3 0SM%. XW£L<te. 0. l-2 0ffifi% 
X*>h* 

[0044] iE?LaEAfg«£Ji. mm. MFrmMmm 
<m$3m.i,mLx\i. mzm5£?&i>?>xte%:< . m 
in. Mgmmm. A*ymmm. wmm& mi 
\z. xvya~hm. ^xvm. it 4 vTa-hm. 

Mmmmc^mt. mizmfet&iyoxi&w. 

1 0 5 TorrgJgJ^T^^rrT'. 5 0-400 XM&<r> 
(ggWSJg) . -5 0~3 0 0rg^^ 
«iagT\ 0.00 5—5 0 nm/sec ggCD^tjfflg 

mm. nFf-mmmm<D^m,i. mrnTx. m 
mLxm&t* zkizt*). mmtz-mmtittiwm 
wmm-zwm-hzkttx'th. mzmmmizx 

iE?L&Ai§ij£Ji. mm. n^mMmmmom 
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[0045] i»S:J: 0 . %m&BJl&h*te. 

m. fmizmm. £ttttt%LZ-ttxfmmt^-&. je 
ii&xwmm. mm. nT&Ammmn&mizmiL 

o&'Wyy-WI&kLXlt. mtti. sKU-N-b*- 
)VH)V>*f-)V. XVTVU-h. ^'JXfl/y, #>J 

tvzcnmmtfc. xv^-uyt-uy&xvzvm 

m. mx-wmLxhXK. h&MiimwmLxhx 

[0046] i 0 . «-i^nf^< 

20 s^^r^rfii^ (011^ ^^y. 
x^>-. h>^y. ^vy. 3-^r)V^y*iy. l-x 

rv^y-symnirhyjmm. mtif. ^oo^ 

yy^ummm. mm. b^x^. mty^ 
>v. wmr^ivmemxT-frmm. muz. 
30 )V. yxinj—)v. -/y;—)V. ^y^J—iv. ^-9- 

yktoy^ x.i-uyyv^—nsmnTJua—ri'jm 
hTS l. 

momifm) &iv/£tntMzmm. iamm 
z-tximmtL. &mv>mfimizx*). mmzBffct 
40 izttpczh. 

[0047]^. ftm-zimk lx&. mzm^tz 

m^xfflk :: f L mzftWi-t&c\kt> i xz&. mfimnmm 
izmtxiz. wizmfcr&hoxittK. mm-zmfi 
mizk*). mmnw&zimf&izmLtimmMizm. 

&t h i b tfX'Z . HKlciti. 0 . 1-50 S*%*g 

»t l < a. 1-30 as%ss^?giijgTfc 
s„ *4yy-®m*®mt>m%. zvmsmz 
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£tl±. &f8ft<7)mmz1dLX) , 5-9 9. 9M&% 

Wz. #£L<li. l 0-9 9Sfi%SJg. J: 0#i t 

<(i. 1 5~9 0fifi%ggt^&t6. 

[0048] maAmHii. 3Bftg. m^^Atsi^ 

fc. 5nm~5//migjgfcg^6£k##£U* 0 

ftWUS^PfcttU B^ J ^#^k<7>S3S*£R&jt 
-T6BWT\ fiM (KjUI ) £t£tt£9. tarn? 

-#>T(F5rfcVflffi8ttftH+ tc^A LTfi^fS. £ k # 

xf-I^ ^'j7i-l/ytW H) . Mttttifl (W 
titt#7*. £KiMHfc« 

[0 04 9] ifc. Mfcfi«Wfcl/C. £Ji 
Sr^ttS^ktTS*. S&fc. «ft flUtf* »»i 

[0050] *w*asM$B63iami* hwc. a 

SS&SrMcoSffk LTffiHJ3*L&#. ^^SHifc 
ft. fflmTOi. HRfc* 2~3 0Vgflrc&*. 

■9"-* k* tcffiffli-S. i k tfTS £ . 
[00 5 1] 

g$ 2 0 0 nmCO I TOjgHflf^ (BS) t^ttX? 
XSM.*. tfffim. rtbx x^y-^fcjflwtg 

fcHSLfctt. ^#^f^3Xl0- 6 Torrt«JEL^„ 4 
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)V~N- (3" -^f^x^) D t'7i^ 

J-.IfMO. 2 nm/sec T'7 5 nm<0f $tlf 
U jBL&AfliltJlk Lfc. <fcwe. fx 
(2-* J ?-A'-&-*S\)/ : 5—h) (4-7x^0-7 

(«5^£*#^8*>fl:£ft) s-. mtc&mmm^. 

IflgO - 2 nm/sec T'5 0 nmttJgS 
(Sfiifcl 0 0 : 0. 5) U IBflfkLfc. b 

10 0. 2nm/sec t5 0nmtf)f$t:IfL. IfftA 

^^JtO . 2 nm/sec T'2 0 0 nm«f$C*if 
(SSlfcl 0:1) LTli@k «IK»I63BB?* 

T. 1 2V£7)E^^E5rffliniL^k«I^. 5 5mA/cm 

2 omg^^'cSh/v!. Mg.2 2 5 0c d/m 2 cOWfe^ 

[OO5 2]SUS0«2~2 6 

loft^tu (^16^2) . wr^^mn 2 4 c^-^) 
(HS6093 ) . «^^^s-^2 9<M(&fa {mm 
4 ) . fi^^^B5#^3 lvxt^vi (mm5) . 

3 9<wt&m immi ) . m^it^m^4 6<wt& 
m imms ) . m^^m^5 3<7^m (mm 

9 ) . ffi*{£&m^ 6 6 ^ft-^J (UStWl 0 ) . 011 

^^5#-^7 i<m&to (wm \ i ) . M*{k^i 
30 #-^7 5<r)fc&e» (mtmi 2 ) . 09^^^^ 7 7 
o^b^j (mmi 3 ) . 04^^^j#^8 2<^E^fe 
(Hife^y 14). gtbK^^«^ 8 4 tofts-st! (sufefli 
15). w^^i#^9 lcofc^m (m&mi 6 ) . 
m*{k&fa%n 9 7 <r>it&fo mmm id . m^its 

im^l 0 0«ft^ft 8) . fi^-fk^PS^ 

1 0 4cr>te£m (mmmi 9 ) . m&fcsm^i 1 1 
(iu£0ii2 0 ) . m^it^m^r 1 1 3?>ffc£ 
!m (nsfe0!i2 1 ) . m^it^wsr^i 1 760^-^*1 m 
mm2 2 ) . m&fc&m^i 2 3<7Xt&fa (mm2 

40 3 ) . ^ 1 4 1 cTHt^i (HSS042 4 ) . 

^-fb^Bjs^i 4 3<rm^k {mmi 5 ) . 

4 5<7Hk^Bj (Hfife^2 6 ) ^fflL^W 

a. z^zzaymzwk^. mzkzmmimi. 2) 
[00531 ammi 


(14) 

25 

^f/'jy^-H (4-7x^7xy7-h) TA'S 

XMrzimtti. znm^iz. wmtmr. 1 2v 

[0 0 54] Jt$£0!l2 
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*#^8<7)ft^£i$fflt-Mfcb9£. N-^f-^-2- 
[0055] 


BIX 


r lam itit 

•BlrtF 

a/m ^ 

Iwn A f pur 1 

3360*2 

2270 

56 


2 2 5 0 

52 

3SS6094 

2 2 3 0 

5 3 

196095 

2 18 0 

56 

296096 

2240 

54 

§36037 

22 10 

53 

mens 

2 18 0 

56 


2 16 0 

54 


2260 

52 

3960911 

2230 

55 

306091 2 

22 50 

54 

1960913 

223 0 

55 

3360H4 

2220 

5 5 

3960915 

2260 

52 

1960916 

2 2 8 0 

54 

1960917 

2300 

5 6 

196091 8 

2 2 7 0 

53 


[00 56] 


* X [312] 
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(15) 

£13 (££) 
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US 



(cd/m* ) 

(mA/crf ) 

3S*«19 

2260 

52 

3SJ6H20 

2230 

53 

1 

2 2 4 0 

5 5 

£%M2 2 

2 25 0 

53 

^J6W2 3 

2 28 0 

56 

3U6H24 

2 2 3 0 

54 

3S«W2 5 

2 2 3 0 

5 3 

§Q6W2 6 

2240 

55 


117 0 

82 


1550 

74 


[0057] mmn 

ff£2 0 0nmc7)ITO3iBJMg (Hffi) tt^htf^ 

xm&iz. *®im. r^vy. x.?s->uzm^xm 20 

Ca£Lfc& ^#<f£3x 1 0- 6 Torrt«JIL^. £ 
■T. ITO@H6it:. 4, 4' -h'X [N-7x^ 
/W-N- (3" -^f-y^x-^) T5y] t'7x-;P 
^^JSO . 2 nm/see XI 5nni«I?KIf 
U jETL^A^jtSfct^. <fcwt\ *tf>±fc. b'X 
(2-^f-;l--8-^yU/7-h) (2-7x^7 
x/7-M 5 -«7 A fc C^ik^J#^ 1 24<^b 

■gfaz. m%&mmm*t>. mmmo. 2nm/sec 30 

Z'5 0nm(?>mZ£imm (SJJtl 0 0 : 1. 0) 
h) T/US-^Afc. IfMO. 2nm/secT'50 

n m<^@ $ t^ss t . MT&xmmm tLtz. $ ic -£ 

<7)±£. V;/*>"7Afc&£. ^ijUgO. 2nm/se 
c T'2 0 0 nmOJ?£K3yE& (fiSJfcl 0:1) LT 

mttzbZh, 5 8mA/c« 2 (VmfctffflXtz. »S2 40 
270cd/m2 C0WfeOH^H^§ ilJt . 
[OO58]5U60!I28 

Jf£ 2 0 0 nm<7) I TOWMB (H@) £iTt&#7 

4>ttifc#L r-thy. x.?s-)i>zm^xm 

£II£LfcgL If<i?:3xl 0- 6 TorrtM£EL7t., £ 
"t\ ITO)§BjM@±t. 4, 4' -b'*CN-7x- 
;P-N- (3" -^/l^x-HO t'7x-;l/ 


* U IBL&AfiiSMJii: Lfc. <k^X. *tf>±£. b'X 
(2-^f-;U-8-^y'jy7-h) T^5-»7A-jtz 
b** (2-^-8-^'J/7-h) T 
/l^$-^Afc^fc^!|$J#^l 3 lCDfc&fa£. 
WmWfi*^. IfllO. 2 nm/sec T5 0 nmCO® 
SfcS^SS (MMitl 0 0 : 2. 0) U f63fcJffcL, 
fc. HJX (8-*/'jy7-b) T^S-^A 

£ . ^ijlJgO . 2 n m/sec T'5 0 n mtf)@$ fc^t 

WmM&0. 2nm/sec t2 0 0nm(7) 

wsk^h^ (fiiibi o:i) Lxmmt u imsm 
z&^tzttm&Ltz. fmitz^m^mm^z. 

SSiUHMT. 12V cm^M&^miLtzb^. 5 

7mA/cm2 ^^ggtfgyU:. M&2 3 2 0c d/m* 
[ 0 0 5 9 ] HS6052 9 

@£ 2 0 0 nm<7) I TOjgflf^g® (^g) tt^hil^ 
XSM£. tMKftSL 7Mrh>\ x^y-;l^£ffl^Tj@ 

£El5gLfc&. iKtttt £3 X 1 0-6Torrt«EL^. 2 
-f. I TOjiBgmg.ht. 4. 4' -h'^[N-7x- 
;l^-N- (3" -^f-;W7x-;U) rs/) t'7x-;k 
Sr. ^«US0. 2nm/sec t7 5nm(7)I$CIf 

(2, 4-^f-;u-8-^y'jy5-h) r^s-»7 
A-/£-**y-b*x (2, 4-^^-8-^yu 

r^5-«7Afc^^^!Bl#^-l 0 8<7Ht^ 
!B!l£. ^^3JS0. 2 n m/sec T' 

5 0nm<DJ¥££:ttJlg3i(gfiJtlOO : 4. 0) 
fBeHk Lfc. ijtfc. MJX T 
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iz ~?y*is*7J±tm:. mmmmo. 2 nm/sec x nfflmmzteitittmsbLfc. imLtzwm&% 

20 0 nm^CMf (SSifcl 0:1) LT^ffi §a£§?BMT. 1 4 Vtf)|£^iIff£EP}mU: 

k U *«EflflBe*WI*Lfc. ft. sKUfcL IS* 4 SmA/cm* 7 4 0 

mnmmmz&^tzitmmLti. imLttumx cd/m* <vw&<mmmztifz. 

mm?£. tmmmr. 1 2 voesgmffi^EpsoL [ 0 0 e 2 1 mmms 2 

fcfc£*. 6 0mA/crf OUciaWut. m%.2 1 3 J?£ 2 0 0 nmtf) I TOjtBJIfgffi (Rfi) £^£#7 

0c d/m^ «!HS(0«3bWIB§Wt. *3SKS\ +tt«M. r-feh^ x^y-^fcJBwoi 

[OO6O1HJ60I3O *tt»»Lfc. *tf««£»tf*fcfflVvC«aftU 3 
JJ$ 2 0 0 n mt) I TOi§BJ«& ( Kill ) #7 10 h (C U V/**/ Lfcft. 3Mt§att>*«slvW- 

r-fehy. x^y-^fflv^a fcH£U;«L ifi^3x 1 o-«Torrfc«ffiLfc t a 

fetU V/3j-Vy«»Lfca. m^V&6&*'9- H*jlg0 . 2 nm/sec T'5 5nm«f$t:I 

Wlt£3 x 1 0- 6 Torrt«ff Lfc„ i *U IBKHfc bfc. tt\*X\ *<7>±fc. 1 . 3-b'X 

■f. I TOS§BJM&Jbfc. 4, 4' -t'X(N-7i^ C5' - (p-tert-yf-^x-^) -1, 3, 4- 

;l/ l N _ ( 3 " -^f-rt^x-^) 75 7) t'7x-/P myT/-^2' -4 no *y-fc>fc. 

Sr. ^#j»£0 . 2 nm/sec "C7 5nm(7)Jf$tM 0 . 2 nm/sec T*7 5 nm^iStitL. m^&A 

U jETLSEAHiUSi: Ui. i»ve. **>±fc. b'X IffiSJIfc Lfc. 3&fc**>±fc. ^*i"7Atf8£. 

(2-P<f-^-8-^yU/7-h) (4-7x^7 li»j£&0. 2nm/sec ?2 0 0 nmO«3K3@g* 
x y^_h) 7^$-*7A2:0|^b-^#^13 4^Hb 20 (SfiJt 1 0 : 1 ) LXfmt U *WHWfe3e#F * 

£&£3£ISft>&. aitKIKO. 2 nm/sec f^SSLfc. ft. WMIZ. Iffi^Ml^fi^^ii 

■C5 0 nmtf)f$CMf (SSifcl 0 0:1- 0 ) UttUfc. ft*Lfc«EH*Biam=. mmm* 

U $fc*IBi:Ufc. iKfc. HJX (8-^'J/7- T\ 1 5W>B8HHE£9flllU;fc£^ 68mA/cm 

h) 7/W5"^A£. ^^g0. 2 nm/sec T5 0 2 Wia&FSHlfc. «tl 15 0c d/m* 

<&±fc. l»3tK0. 2nm/se [0 0 6 31^660(13 3 

c ^OOnmOWSfciaMt (fifittlO : 1 ) LT * $ 2 0 0 n m<7) I T OWmm (US) fcSrTitf? 

nra u qg*wHfe*^*fl«u:. ft. nam, xa«sr. <wEm. r-thy. x*y-/i*fflwt« 

«5ffBBR^fc. satffffl^T. 12V*>BS«E£W 30 f,tuv/^/y^Lfc. ifcfc. iTOigBHUfeb 

InUifc^ 5 8mA/ctf ff&SStfitituk. mmi fc. tfy-N-b'^Mr/I^'y-^ («M¥^HFfil 

9 7 0c d/m* ^ o 50000). <^ft^i»^6^^. ^<jy6 

[OO61]HJg0il31 C" 3- (2' ^V+T*n)*)-1-*X1-*T 

»S2 0 0nmtf5 I TOjSSHWI(IMi) S/^^'Jy" <J|«W>»M£lfe&n . SJtfDCMl 

^asK*. 4»tHHi. r-bhy. x^y-^wv^e C" 4- i^r^fi/v) -2-^f^-6- 
^sa^L^. -ecoas^MS^x^fflv^siaiL. $ (4- -^f-^rsyxf-u/w) -4H-e 7 / 

fc@£Lfc». P.«M^3X 1 0- 6 TorrtMffiLfc„ 4 0:5:3: 2c?m£X^~fZ>3SS%i;?Vtt? 

■f. I TOj»fl«SJit. 4, 4' -t*^ [N-7x- y^g^ffll^. x-f /T^-h^J: 0 . 400nm 
; ^_ N _ (3 - -n^)V?3,-)l) rS^D h'7i=* 40 rtffiMiJBl&LlZ. JJCfc. Zff^mM^^h^^ 

IHI0 . 2 nm/sec T'7 5 nm^CS SM^. |^|g^«*/l'^-fc@£tfca. 

L. lEHmJmmmt Ufc. *«±t. * 3 x l 0- 6 Torrt«ffit^. S fefc. »«S«-hfc» 

2 6^Xfc-&**. ^«3»g0. 2 nm/sec 3- (4' -tert-yf-^7x-/W) -4-7x^- 

?5 0nmtf)*3fci»U JWIWfctfc. JJCV^. ^ -5- (4" -t'7x-^) -1. 2, 4-hUTy- 

*>±fc. 1, 3-b'X C5' - (p-tert-yf-/l^7x ^5r. EttjtKO. 2 nm/sec T*2 0 nm^9$dK 

-/u) - 1 , 3 , 4 -^-^^ry-^- 2 ' ->f *U£L s 6t^±t:. mi x ( 8 - Jf y u y 7- 

^y-fe'y^. M#jIE0. 2 nm/sec t'5 0nm<Ol h) T^S— ^A^. ItilO. 2 nm/sec t'3 0 
V^*y«>Afci8*. ^«jIJS0- 2 nm/sec T'2 0 ^*y»7Ak«*. M^^O. 2 nm/sec 
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RWtm^iz. mm&mr. 1 2vcommw&*fflm 

LtztZh. 7 4mA/cm 2 o^gftWifc. II&10 
2 0c d/m 2 (OafecT)^*^?!^?^, 

[0064] mmiA 

^3 2 00nm<0ITOj§BJ§m® (l©@) 

*ttifcak T*h>\ x*/-*fcfflwaH 

^icuv/^/yftftLfc. iTO^BmJi 
fc. * »J - N - b*^;I^Ay-^ ( Sfi^i^H^M 1 
50 0 00) „ 1 , 3-b'X C5' - (p-tert-^f- 
x - 1 , 3 . 4 -JS**ri?TV-)V- 2 ' - 

Ztl^tlM&itl 0 0:30: 3 (TM^X^^h 3S 

±9. 300nm«aJiyi&JftStfc. ifcfc. .IWfBK 

ji£3rr&#5*s«£. mmmnrnm-^r-izm 

feltz®. ^S^f^3XlO- 6 Torrt:«£Etit. 
2 n m/sec T'2 0 0 n mOS§ K3@£t (fifiJt 1 

0:1) i/owtu ^mmRmMTZimtti. 

e^mE^WJnL^^^^. 7 6mA/cn 2 <9^£#g[ 
tut. S£l 1 2 0 c d/m 2 <7)#fe<7)%ft#H!2 $ tl 
tz. 

[0 0 6 5]it$!$l|3 

mm 3 4 vc , iB^^^tis lt . m*tt& 

4 2 (T>fc&fa<mjo *) IZ . 1. 1. 4, 4-xh 
57x^-1, 3-:T*^xyfcttffll,fcE0Ki. 31 

fc. fWLfcWI»*Tfc. ^SUHMT. 1 5VO 
S^m^fflJnt^fc^^). 8 6mA/rf Wm&ffiL 
tUz. W&6 80 c d/m 2 O^feOlffitfQ^ *l 
fc. 

[006611^6^35 

^£ 2 0 0 nmtf) I TOi§BB€@ (Rff ) ttSthif? 
+ttftffl. T-bh^ x^y-^fcfflwOB 

%®mLiz. zamsLzmmxxm^x&Mi. $ 

lz. jJ?U^-jI?*-h (Sfi¥%JH^fi:5 0 0O0) . 
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I 4.4' -t'X (N-7x-;l^-N- (3" 

x -;l.) TSy) b'7x-/K t'X (2-^^-8- 

*vjy5-M r^s-^A-xz-^y-t'x (2 

-*?-^-8-3VJ/7-M Trt'S-^AtJiVW 
*ft#fe#^7 3<?)fc&toZ. ZtlZtlS&ltl 0 0 : 
4 0:60:1 effl&T&lTth 3li%y7nnij' 
y^^ffl^T. f^773-hatil 300nm 

ommzm&Lhtz. mz. ^mm^^h^x 
wsjk. mmmtvmfct^y-izwifeLiz®. mmm 

10 £3X1 0- 6 Torr^MJEtJt„ $ ?B£Ji<0±{;:. 
7/*^Afc«^. IMJgO. 2nm/sec T'2 0 
0 nm£OJ?$t^« (SJJtl 0:1) LXflMt 

3^^. §ai#fflmT. 1 5V<7)Sg£H£££WmUi 
Z.h^ 6 6 m A/cm 2 tfJ^S&bWufc. »^7 5 0c 
d/m 2 <OWfeCOf^#5^£iU:. 
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[06] wiiimif^s-f-o-0i<7)flp&iiji0'c?>^. 

[07 ] WtStg^^S^ iO-0g<7)WI&«jH0T$) h . 
[08] *lSS^fBt*^^>-^l^^^0"C^^. 

[^O^BB] 

30 1 US 

2 

3 jElLSEAHiM^ 

3 a iE?L&A*B*li£# 

4 mm 

4 a 

5 a «^&A«?i*j£# 
6 

40 7 


[04] 


[06] 



